were cultured and the cells characterized by analysis of cell surface markers using flow cytometry. The PDACs were then treated with induction media containing basic fibroblast growth factor (bFGF) and bmercaptoethanol (b-ME). After induction, the presence of IPCs was demonstrated using dithizone staining, and the production of functional insulin was confirmed using immunocytochemistry and an enzyme-linked immunosorbent assay. Expression of the islet-associated genes PDX-1, Insulin 1, Insulin 2 and Glut 2 in the induced cells was measured using a reverse transcription-polymerase chain reaction; PDX-1 was expressed after 7 days of induction and PDX-1, Insulin 1 and Insulin 2 were all detected after 14 days. These results suggest that the placenta could be a new source of stem cells that can be induced to differentiate into IPCs following treatment with media containing bFGF and b-ME.
Introduction
β-Cell transplantation has the potential to be an effective treatment for type I diabetes and β-cells can be induced from embryonic and bone marrow mesenchymal stem cells. 1 -4 Use of embryonic stem cells is limited by moral and ethical constraints, and the differentiation ability and quantity of bone marrow-derived mesenchymal stem cells decrease quickly with age; it is therefore necessary to find new sources of stem cells.
Placenta-derived adherent cells (PDACs) are generated from desmohaemoblast tissues of mesodermal origin and have been shown to include placenta-derived mesenchymal stem cells (PMSCs). Like bone marrowderived desmohaemoblast stem cells, PMSCs can differentiate into osteoblasts and neurocytes. 5 -8 It is therefore possible that they might also differentiate into insulinproducing cells (IPCs). As a result, the present study was undertaken to isolate PDACs and to try and induce them to differentiate into IPCs.
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Materials and methods
ISOLATION AND CULTURE OF PDACS
Placentas were obtained from pregnant women who had undergone caesarean section; placentas showing abnormalities such as retrogradation or calcification were excluded from the study.
Samples of placental tissue weighing 100 g were cut into fragments using sterile scissors. The fragments were washed three times with phosphate buffered saline (PBS, 20 mM, pH 7.2) and cut into smaller pieces. The pieces of placenta were digested with 1.0 g/l collagenase IV (Sigma, St Louis, MO, USA) for 30 min in a sterile centrifuge tube at 37°C. To facilitate digestion, the tubes were shaken continuously. After digestion, the tubes were centrifuged at 800 rpm (ZK380; Heraeus Instruments, Hanau, Germany) to separate the cells. The cells were then washed three times with PBS and finally collected by centrifugation (800 rpm).
Collected cells were suspended in Dulbecco's modified Eagle's medium (DMEM) (Invitrogen™, Carlsbad, CA, USA) with 10% fetal bovine serum (FBS) (Invitrogen™) and cultured at 37°C in 5% CO 2 and 95% humidity. From 48 h onwards, half of the medium was changed with fresh medium every 2 -4 days and the total medium was replaced with fresh medium every 3 -5 days until the cells reached confluence. The cells were split at a ratio of 1:3 for subsequent induction.
ANALYSIS OF PDAC SURFACE MARKERS BY FLOW CYTOMETRY
Single-cell suspensions of PDACs were prepared by the addition of ethylenediamine acetic acid (EDTA; Invitrogen™) to the cultured cells for 3 min. The digestion was terminated by adding DMEM with 10% newborn calf serum (Sijiqing Biology Company, Hangzhou, China) and the cells were collected. Cells were washed twice with ice-cold PBS, resuspended at a concentration of 10 6 cells/100 µl, and stained with fluorescein isothiocyanate (FITC)-or phycoerythrin (PE)-conjugated monoclonal antibodies to human CD19, CD29, CD34, CD44, CD45 and CD105 (JingMei Biotech, Shenzhen, China) for 30 min. After washing three times with PBS, the PDACs were fixed in paraformaldehyde (Runjie Biology Company, Shanghai, China) and then analysed using a flow cytometer.
INDUCTION OF PDACS
The PDACs were treated with induction medium consisting of high-glucose DMEM with 10% FBS, 1% non-essential amino acids, 0.1 mmol/l β-mercaptoethanol (β-ME), 1 mmol/l L-glutamine (all from Invitrogen™) and 5 µg/l recombinant human basic fibroblast growth factor (bFGF) (RD Systems, Minneapolis, MN, USA). Half of the medium was replaced every 2 -3 days and cell growth was observed every day using an inverted microscope.
DETECTION OF IPCS
A dithizone (DTZ) stock solution was prepared by dissolving 50 mg DTZ (Sigma) in 5 ml dimethyl sulphoxide (DMSO) (Sigma). After incubating the PDACs with the induction medium for 7 -14 days, 10 µl DTZ stock solution per millilitre of culture medium was added and the mixture was incubated at 37°C for 20 min. For microscopy examination and photography, a few cells were washed twice with PBS and placed in the dye hole.
For immunocytochemistry, the induced cells were fixed with 40 g/l formaldehyde and immunostaining was performed with human insulin antibody (JingMei Biotech) according to the manufacturer's instructions. The insulin concentration in the supernatant was detected with an insulin enzyme-linked NZ Sun, HS Ji Differentiation of PDACs into IPCs immunosorbent assay (ELISA) kit (Lifekey BioMeditech, Princeton, NJ, USA) following the manufacturer's protocol.
EXPRESSION OF IPC-SPECIFIC GENES
Expression of the IPC-specific genes Insulin 1, Insulin 2, PDX-1 and Glut 2 in the induced IPCs was detected using a reverse transcriptase-polymerase chain reaction kit (Promega, Madison, WI, USA). Total RNA was extracted using TRIzol ® reagent (Invitrogen™). For the reverse transcription (RT), 1 µg total RNA, 1 µl reverse transcriptase, 7 µl RT pre-mixture, 1 µl downstream primer and 20 µl RNAase-free water were incubated at 37°C for 1 h and then, to inactivate the reverse transcriptase, at 95°C for 10 min. For the polymerase chain reaction (PCR), 20 µl RT reaction mixture, 19 µl PCR reaction pre-mixture, 1 µl upstream primer, 58 µl RNAase-free water and 2 µl Taq DNA polymerase were used. The PCR cycles comprised 94°C for 5 min, then 35 cycles of 94°C for 1 min, 58°C for 1 min and 72°C for 1 min, and finally 72°C for 7 min. The PCR products (10 µl) were separated on 1% agarose gel and the DNA bands were photographed under ultraviolet light.
The primers used for the detection of Insulin 1, Insulin 2, PDX-1 and Glut 2 are shown in Table 1 ; β-Actin was used as the housekeeping gene. All the primers were synthesized by Shanghai Sangon Biological
Engineering
Technology & Services, Shanghai, China.
INSULIN SECRETED BY THE INDUCED IPCS
The amount of insulin secreted by the induced IPCs, as measured by ELISA after 7 days (n = 6) and 14 days of induction (n = 6), in the same time control medium was also measured (n = 6). All numerical data were analysed by the Student's t-test and statistical significance was indicated by P < 0.05.
Results
Mononuclear cells were successfully harvested from digested placental tissue; they attached to the surface after about 7 -14 days and covered the bottom of the flask after about 4 weeks ( Fig. 1 ).
ANALYSIS OF PDAC SURFACE MARKERS BY FLOW CYTOMETRY
Cell surface markers detected by flow cytometry revealed that PDACs highly expressed CD44 and CD105, at 98.8% and 67.4%, respectively. A low level of CD29 expression was also observed, whereas no expression of CD34, CD45 or CD19 was detected (Fig. 2 ).
DETECTION OF IPCS AFTER INDUCTION OF PDACS
When PDACs were incubated in the 
5′-ATGAGGTAGTCTGTCAGGT-3′ 569 NZ Sun, HS Ji Differentiation of PDACs into IPCs induction media, they gradually formed a bird's nest-like shape (Fig. 3A) . After 5 days of induction, clusters of cells were visible on DTZ staining (Fig. 3B) ; the number of clusters 
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increased as induction continued. Immunocytochemical testing with human insulin antibody stained the induced cells dark brown, demonstrating that these cell clusters were IPCs (Fig. 3C) .
The amount of insulin secreted by the induced IPCs, as measured by ELISA, reached a mean ± SD concentration of 3.7 ± 0.8 mU/l (n = 6) after 7 days of induction (not statistically significant versus control) and 14.7 ± 4.9 mU/l (n = 6) after 14 days (P < 0.05 versus control); the insulin concentration in the control medium was 3.4 ± 0.9 mU/l (n = 6).
EXPRESSION OF IPC-SPECIFIC GENES
Genetic confirmation that the cells that had been isolated were IPCs was obtained by measuring the expression of IPC-specific genes. Expression of PDX-1 was detected by RT-PCR after 7 days of induction (Fig. 4A ). After 14 days, expression of PDX-1, Insulin 1 and Insulin 2 was detected ( Fig. 4B ).
Discussion
Stem cells are pluripotent and can differentiate into various cell types under different induction conditions. It has been reported that bone marrow desmohaemoblasts can differentiate into endodermal IPCs. 9 Considering the similarity between PMSCs and bone marrow mesenchymal stem cells, it would seem to be feasible for PMSCs to have the ability to differentiate into IPCs. Indeed, flow cytometry analysis of PMSCs has revealed that these cells express CD29, CD44 and CD105, but not CD34, CD45 or CD19, indicating that they are not fibroblast epithelial cells. 10 These cell surface markers are the same as those for bone marrow stem cells, indicating that PDACs have the same character as previously isolated mesenchymal stem cells. 11 In the present study, IPCs were induced from PDACs, indicating that there are large numbers of stem cells amongst placental cells. The existence of IPCs was confirmed by DTZ staining, immunocytochemical staining and expression pattern analysis of islet-specific genes. Expression of the PDX-1 gene was detected in cells induced for 7 days, indicating the initiation of IPC formation. 12 -14 Expression of the Insulin 2 and PDX-1 genes was detected after 14 days' induction, which has been shown to be indicative of differentiated and fully functional IPCs. 14 The 
NZ Sun, HS Ji Differentiation of PDACs into IPCs
PDX-1 gene controls the maturation of pancreatic islet cells by regulating Insulin 1 and other downstream genes. In the present study, expression of the PDX-1 gene was shown to be switched on first, followed by other IPCrelated genes such as Insulin 1 and Insulin 2.
The present study also detected insulin secretion in non-induced cells (control), indicating that PMSCs can spontaneously differentiate into IPCs and is consistent with previous findings that adult stem cells can differentiate spontaneously. 15 This study demonstrated that adult stem cells, such as PMSCs, are very active and remain pluripotent. Cell factors are critical for the induction of IPCs; in particular, bFGF is one of the most important, participating in tissue repair and stimulation of growth factor expression. 16 The present study showed that bFGF can promote the induction of IPCs and may be involved in the induction of PDX-1 expression.
In conclusion, these results suggest that the placenta could be a new source of stem cells that can be induced to differentiate into IPCs under appropriate conditions.
